Problem: Inferential reasoning in language involves the ability to deduce information based on context and prior experience. This ability has been generally studied as a right-hemisphere function. Recent research, however, has suggested that inferencing involves anterior regions of both the left and right hemispheres. Methods: We further explored this idea by testing a group of non-aphasic, focal frontal patients (right and left hemisphere) on a new test of inferencing, the Word Context Test. The Word Context Test requires examinees to identify the meaning of a made-up word (e.g., prifa) based on its use in a series of sentences. Findings: Patients with frontal lobe lesions were significantly impaired on this task relative to a group of age-and education-matched controls. Contrary to earlier research focusing on a special role for the right hemisphere in inferencing, there was considerable overlap in performance of right-and left-frontal patients, with right-frontal patients performing better. Conclusions: These findings suggest that inferencing is disrupted following focal frontal injury and have implications for discourse comprehension in non-aphasic patients. (JINS, 2005, 11, 426-433.) 
INTRODUCTION
Inferencing refers to the ability to make a judgment on the basis of context and prior information rather than via direct observation. Traditionally, this ability has been associated with the right hemisphere (Brownell et al., 1986; Myers & Brookshire, 1996; Wapner et al., 1981 ; but see Harden et al., 1995 and Lehman-Blake & Tompkins, 2001) . The types of errors that right hemisphere patients make on inferencing tasks indicate deficits in the ability to abstract, integrate information across time, and update knowledge based on new information (Brownell et al., 1986; Hier & Kaplan, 1980; Myers & Brookshire, 1996) . More recent work has suggested that inferential processes rely on anterior brain regions in both the right and left hemisphere (Ferstl et al., 2002; Ferstl & von Cramon, 2001; McDonald, 1993; McDonald & Pearce, 1996) . This work is consistent with deficits of integration and updating that have long been reported in patients with frontal injury on tests of reasoning and problem solving (Baldo et al., 2004; Lezak, 1995; Milner & Petrides, 1984) .
What has been less well-studied is whether such reasoning deficits in non-aphasic frontal patients also result in impairment on language-based inferencing tasks. Novoa and Ardila (1987) tested a group of non-aphasic prefrontal patients on a battery of language tests and reported significant language difficulties, especially in left-prefrontal patients, that included perseveration, reduced initiation, concreteness, and confabulation. Similar results have also been reported by Alexander et al. (1989) , Kaczmarek (1984) , and Pearce et al. (1998) . Pearce et al. tested a small group of patients with focal frontal pathology (due to traumatic brain injury) on their ability to generate both literal and inferred meanings of ambiguous product advertisements (e.g., for a deodorant, "Fascinating things happen on Impulse"). While these patients were generally able to pro-duce competent interpretations of the literal meanings of the advertisements, they were disproportionately impaired in their ability to generate non-literal interpretations. That is, they performed in a concrete manner and were less able to generate abstract interpretations.
A more recent study tested frontal and non-frontal patients on an inferencing task that involved deciding whether sentence pairs were pragmatically coherent (e.g., "Mary's exam was about to start. Therefore, her palms were sweaty"; Ferstl et al., 2002) . The study found that patients with left-and bilateral-frontal (but not right-frontal) lesions were significantly impaired on this task. That is, these patients were unable to recognize the implied connection between the sentence pairs. The same task was also used in an f MRI study with normal participants and was found to activate left dorsomedial prefrontal cortex (as well as a number of other regions) in a comparison of coherent versus incoherent sentence pairs (Ferstl & von Cramon, 2001 ). Ferstl and colleagues concluded that lateral prefrontal cortex is involved when discourse comprehension requires "nonautomatic, selfguided cognitive processes" (p. 306).
It is possible that such inferencing deficits in frontal lobe patients are due to more basic impairments in cognitive processes such as working memory and word retrieval. Working memory has been shown to be disrupted in this patient group (e.g., Baldo & Shimamura, 2000; Freedman & OscarBerman, 1986 ) and could affect patients' ability to hold multiple arguments in mind, while at the same time attempting to abstract some relationship between them. Also, basic deficits in language use such as word retrieval have been associated with impaired performance on inferencing tasks (Ferstl et al., 2002) . Word retrieval, as measured by verbal fluency tasks, has been shown to be impaired in patients with frontal lobe lesions (e.g., Henry & Crawford, 2004; Troyer et al., 1998) .
The goal of the current study was to further examine the role of prefrontal cortex in inferential reasoning. To do this, we tested non-aphasic, focal frontal patients' ability to infer and integrate relevant information across a series of sentences. The task used was a new measure, the Word Context Test (Delis et al., 2001) , which requires participants to deduce the meaning of a made-up word (e.g., prifa) based on its use in a series of sentences (e.g., "You need to prifa to grow"). This task was originally designed to study language acquisition in children and was shown to be sensitive to deficits in cognitive flexibility and the ability to maintain set (Werner & Kaplan, 1950) . The current study was the first to test focal frontal patients on this new measure, and it represents both a preliminary validation study as well as an examination of the cognitive processes underlying performance on the test. The patients in this study were not part of the test development but were tested on the final version of the Word Context Test prior to publication. It was predicted that frontal patients would be impaired on this task relative to controls. In order to understand the source of patients' deficits, we performed more qualitative analyses to test whether inferencing deficits arose from a failure to integrate information either within or across sentences, and0or a failure to maintain set. Based on previous work with this patient group, it was predicted that inferencing deficits would arise as a result of frontal patients' inability to integrate information across sentences. Last, we compared performance on the Word Context Test to performance on measures of supraspan memory and verbal fluency, in order to explore the role that working memory and word retrieval, respectively, might play in performance on this task.
METHODS

Research Participants
Twelve patients with prefrontal cortex lesions (8 male and 4 female) and twelve age-and education-matched controls from the same community (8 male and 4 female) participated in the study (see Table 1 for participant characterization). The participants ranged in age from 54-81 years except for one 35 year-old patient and his age-matched control. There was no difference in age between patients and controls [F(1,22) Lesion etiologies included stroke (n 5 7), surgery for meningioma (n 5 2), aneurysm (n 5 1), cyst (n 5 1), and arterio-venous malformation (n 5 1). Lesions were localized in lateral prefrontal cortex in ten patients and in ventral frontal cortex in 2 patients (5 and 6). Seven patients had left-hemisphere lesions and the remaining 5 had righthemisphere lesions (see Figure 1 for lesion reconstructions). Patients were excluded if they had lesions that extended beyond frontal cortex based on MRI and CT review. The average number of years post onset of injury was 10 years (range 5 1-18 years). Exclusion criteria for all participants included prior history of drug or alcohol abuse, psychiatric disorders, or neurologic disorders. Patients were additionally screened for aphasia; all scored within normal limits on the Western Aphasia Battery (Kertesz, 1982) .
Testing was completed at the VA Northern California Health Care System in Martinez, CA. The study was approved by the Institutional Review Board, and all participants read and signed consent forms prior to participation.
Materials
The Word Context Test was administered as part of a larger executive functions battery (Delis-Kaplan Executive Functions System; Delis et al., 2001) . It consisted of one practice trial and 10 target trials. On each trial, there was a series of five sentences that were presented in black print on a single page in a stimulus booklet. The examiner used a sheet of white paper to cover sentences so that only one sentence was revealed at a time. The first sentence provided very little specific information as to the identity of the cor-
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rect response, and the subsequent sentences provided increasingly more specific contexts. The fifth and final sentence provided a fairly concrete context and made the identity of the correct response obvious to normal participants (see Table 2 for an example). The battery also included a verbal fluency task and the California Verbal Learning Test-II (CVLT-II; Delis et al., 2000) . These tests were included in the current analysis because they provide conditions that assess retrieval from semantic knowledge and working memory, respectively. The CVLT-II is a list-learning task made up of 16 words, which are evenly distributed among four semantic categories ( furniture, animals, ways of traveling, and vegetables). The verbal fluency task consisted of animal naming.
Procedure
Participants were tested individually in a quiet testing room. Participants were first given instructions, which included the following: "Let's pretend you're in another country where they speak a different language. I have some words from this language, and I want you to figure out what the words mean." Participants were told that they would see and hear a series of sentences with a made-up word and that they should guess what the word might mean after every sentence. The sentences were read out loud by the examiner and also appeared in the stimulus booklet. The examiner wrote down the participant's response after every sentence. Participants were never given feedback as to whether their responses were correct or not. They were simply told to continue giving the same answer if they thought they had the correct response. A practice trial was administered first, followed by 10 target trials. Each trial consisted of five sentences, which were revealed to the participant one at a time. Participants were able to see preceding sentences within a trial, so that they could refer back to them if necessary. A sample trial and responses are given in Table 2 .
The CVLT-II and verbal fluency tasks were administered during the same testing session according to standardized instructions. The CVLT-II required participants to recall, in any order, a list of 16 words that were read by the examiner. This procedure was repeated across five trials. On the verbal fluency task, participants were asked to name as many items as possible in 90 s that belonged to the semantic condition.
Data Analysis
Both quantitative and qualitative analyses were done in an attempt to characterize performance on the Word Context Test. As a measure of overall performance, we calculated accuracy and the number of guesses needed to arrive at the correct response. Accuracy was calculated as the number of trials (out of 10) for which the participant provided the correct response by the final sentence of the trial. Total guesses were calculated as the number of guesses (out of 50) the participant made before arriving at and maintaining the correct response. Since the sentences within a trial become more and more concrete, this latter measure was used to determine whether frontal patients and controls differed in terms of how specific the information needed to be in order for them to arrive at the correct response. That is, a participant could get 10 out of 10 trials correct but have made a disproportionately large number of guesses, arriving at the correct response only at the final sentence of the trial. In order to better understand the source of inferencing deficits on this test, we also calculated a number of other scores. These included measuring whether participants' responses (1) made sense within the context of a given sentence; (2) made sense given the context of the preceding sentences of a trial; and (3) were consistent across sentences in a trial. These three scores overlap somewhat with the overall performance scores described above but were intended to further explore the source of inferencing deficits on this test.
The sentence context score was calculated to reflect how well a given response fit within the context of a particular sentence and thus whether a participant could integrate information within a single sentence. Responses were not scored on grammaticality but rather on how well they fit the sentence conceptually. The aim was to determine whether frontal patients could generate appropriate responses on a Table 1 . Lesion reconstruction was unavailable for patient 7.
sentence-by-sentence basis, even if they were unable to integrate that information across sentences. Three trained raters assigned a score of 1-3 to each response, based on the following criteria: 1 5 does not make sense, 2 5 makes some sense, and 3 5 makes very good sense. The total possible score per trial was 15. The raters were blind as to the participants' identity, and the interrater reliability on this measure was .89.
The integration score was calculated based on how well a given response fit the context provided by the preceding sentences. This score was computed in order to determine how well participants could integrate information across sentences, an ability we predicted would be impaired in frontal patients. Responses from only the 2nd, 3rd, and 4th sentences of each trial were rated, since the first sentence did not have any preceding context, and the final sentence provided very obvious information as to the correct response. The same blind raters scored these responses, and the interrater reliability for the integration score was .82.
The consistency score was calculated as the number of consecutively correct responses in the trial, divided by the number of the sentence (1-5) that first elicited the correct response. This ratio should be 100%, if a participant maintains the correct response on subsequent sentences within a trial once s0he arrives at it. The lower this ratio is, the more indicative of set-loss problems. Thus, this score provided an indication of how well participants were able to maintain set, an ability often found to be affected in frontal patients.
In order to successfully integrate information on the Word Context Test, participants may need to maintain previous cue information, and possibly their strategy, in working memory for mental manipulation. Performance on the integration score was therefore compared to trial one of the CVLT-II, to determine whether working memory played a role in inferential reasoning on this task. Data from the first trial of the CVLT-II were used in the current study as a measure of working memory, as this has been shown to be a reliable measure of verbal working memory and correlates with digit span (Delis et al., 1988) .
Finally, as generation of verbal responses and word retrieval are processes integral to performance on the Word Context Test, the accuracy, total guesses, and sentence context measures were compared to semantic fluency, a measure of word retrieval ability .
RESULTS
A series of one-way analyses of variance were used to compare frontal patients' and controls' performance on the Word Context Test. With respect to overall performance, frontal patients' accuracy was impaired relative to controls [F(1,22) 5 9.79, p , .01], as they were less able to infer the correct responses across the 10 trials (M 5 7.83010, SD 5 1.47; and M 5 9.33010, SD 5 .78, respectively). Frontal patients also performed worse than controls in that they required significantly more guesses to arrive at the correct response [F(1,22) On the more qualitative measures, frontal patients also evidenced a number of weaknesses. Patients performed worse on the sentence context measure than controls [F(1,22) 5 12.18, p , .01], as their responses were conceptually less appropriate given the context of each sentence (M 5 13.42015, SD 5 .99; and M 5 14.51015, SD 5 .45, respectively). We also compared how well patients and controls integrated information across sentences on a given trial. Again, frontal patients were impaired relative to controls [F(1,22) 5 7.80, p , .05; M 5 2.2803, SD 5 .45; and M 5 2.7003, SD 5 .27, respectively], suggesting that patients failed to adequately integrate information from the preceding sentences of a trial with the current sentence (see Table 2 for an example). On this measure, there were 2 participants (1 frontal and 1 control) whose responses were greater than 2 standard deviations below their group mean. After their data were removed from the analysis, the difference between frontal patients and controls was still significant [F(1,20) 
Finally, the consistency score was calculated to reflect the number of consecutively correct responses within a trial and thus detect set-loss deficits. Patients and controls did not differ significantly on this measure [F(1,22) 5 2.88, ns; M 5 88.210100, SD 5 15.35; and M 5 96.140100, SD 5 5.20, respectively], which would suggest that patients maintained set comparably to controls. However, this nonsignificant difference was likely due to the considerable degree of variability in the patients' performance on this measure.
We also examined the relationship between patients' performance on the Word Context Test and performance on two other measures, verbal fluency and Trial 1 of the CVLT-II. There was a significant correlation between ver- Although there were too few patients to statistically assess effects of side of lesion, descriptive analyses revealed that there was overlap in terms of performance between rightand left-frontal patients. Contrary to suggestions in previous research, patients with right-frontal lesions performed numerically better than patients with left-frontal lesions across a number of measures. Right-frontal patients were more accurate overall than patients with left-hemisphere lesions (M 5 8.40, SD 5 1.34 and M 5 7.43, SD 5 1.51, respectively) and required fewer guesses to arrive at the correct answer (M 5 38.20, SD 5 9.58 and M 5 44.43, SD 5 6.83, respectively). In addition, right-frontal patients received higher integration scores than those with leftfrontal lesions (M 5 2.51, SD 5 .30 and M 5 2.12, SD 5 .48, respectively). Effect size analyses revealed large differences between right and left frontal patients' performances with respect to accuracy (Cohen's d 5 .68), number of guesses (Cohen's d 5 2.75), and integration scores (Cohen's d 5 .97). These estimates of effect size suggest that significant differences would be found between the groups if a large enough sample were available for parametric statistical analysis.
DISCUSSION
In the current study, patients with focal frontal lesions were impaired on a test of inferential reasoning that required them to determine the meaning of a made-up word based on its use in a series of sentences. Relative to a group of controls, frontal patients were less accurate on the Word Context Test and made more guesses overall. Planned analyses showed that this deficit was in part due to patients' inability to integrate information across sentences. It was also the case that frontal patients' responses were less appropriate within the context of a single sentence. Thus, frontal patients had difficulty inferring the meanings of unfamiliar words, both in the context of a single sentence as well as when integration across sentences was required.
In the current study, both left and right frontal patients performed worse than controls, however effect size analyses suggested that left frontal patients were worse than right frontal patients. This finding is not in keeping with literature suggesting a special role for the right frontal cortex and the right hemisphere generally in inferencing and language use (Brownell et al., 1983; Kaplan et al., 1990; Shammi & Stuss, 1999; Siegal et al., 1996; Wapner et al., 1981) . Our findings are in agreement with more recent findings that suggest that left-frontal regions are important for higher-level language tasks, such as inferencing and text comprehension (Channon & Crawford, 2000; Ferstl et al., 2002; Ferstl & von Cramon, 2001 ). The current paradigm was quite different from previous studies of inferencing in that all of the stimulus material was present at the time of test, so that patients did not have to draw inferences across temporal lags. Nonetheless, frontal patients were impaired on the task.
The poor integration scores in frontal patients on the Word Context Test may reflect multiple functional deficits. It was apparent that patients with frontal lesions did not successfully update and integrate information. This finding is consistent with previous work that showed decreased integrative processing following prefrontal damage on a problemsolving task (Baldo et al., 2004) . Previous studies have also shown that prefrontal damage is linked to an impaired ability to inhibit distracting information (Baldo & Shimamura, 2000; Chao & Knight, 1996) and suppress habitual responses (Perret, 1974) . Thus, patients may have been unable to inhibit responding to the salience of certain words within a sentence, which would have led to a lack of integration with previous sentences.
Early research using a prior version of the Word Context Test with children suggested that errors on this task stemmed from cognitive rigidity, perseveration, and lack of verbal symbolism and abstractness (Werner & Kaplan, 1950) , deficits that have been associated with executive dysfunction (Keil & Kaszniak, 2002) . Similarly, recent studies have proposed that inferencing is negatively affected by cognitive inflexibility (Ferstl et al., 2002) . Patients with left-frontal lesions have been shown to be more concrete in their responses compared to normal participants on language tasks (Novoa & Ardila, 1987; Pearce et al., 1998) , and such behaviors may have affected frontal patients' performance in the current study (see patient example, Table 2 ).
Although our study ruled out aphasic deficits in patients, the presence of subclinical linguistic deficits could have affected performance. Decreased performance on the Word Context Test was correlated with poor verbal fluency scores. This relationship suggests that impaired word retrieval may have affected patients' ability to generate appropriate words on the test. Ferstl et al. (2002) reported a similar relationship between decreased fluency and errors on an inferencing task, however, their task required a yes0no response. Thus, it is more likely that similar cognitive processes (e.g., strategic, non-automatic processes) underlie performance on both inferencing and verbal fluency tasks.
Such strategic processes, along with abstraction and integration, are commonly considered executive processes and likely play a critical role in performance on the Word Context Test. Not surprisingly, this patient group has been shown to suffer from a number of executive processing deficits (Baldo et al., , 2002 (Baldo et al., , 2004 . The extent to which the Word Context Test measures cognitive processes distinct from executive dysfunction due to the frontal lesion cannot be determined through this study alone. Given the association between prefrontal cortex and working memory (D'Esposito et al., 1998; Goldman-Rakic, 1987; Smith & Jonides, 1999) , it is necessary to consider the possibility Frontal cortex and inferencingthat frontal patients' impaired performance on the Word Context Test was simply a failure of working memory. There are two arguments against such an explanation. First, the sentence cues were always visible to participants, so previous cues did not need to be held in working memory. Second, there was no relationship between patients' scores on the Word Context Test and Trial 1 of the CVLT-II. Thus, it is unlikely that the patients' difficulties were due simply to insufficient working memory capacity. Consistent with these findings, another recent study also failed to find a relationship between working memory capacity and patients' ability to make inferences (Lehman-Blake & Tompkins, 2001 ). Furthermore, previous work from our lab suggests that impaired working memory performance in this patient group stems in part from attentional and strategic deficits (e.g., Baldo & Shimamura, 2000) , rather than a frank loss of working memory capacity.
Generalizability of the current findings is limited by the small number of participants, which was due to the study's strict inclusionary criteria. Additionally, comparison to a neurologic control group may have provided evidence supporting a critical role for the prefrontal regions in successful inferencing, over and above non-frontal regions. Despite these limitations, however, we were able to show that deficits in inferencing can be observed even in non-aphasic patients with focal frontal lesions. These findings contribute to the growing body of literature recognizing subtle deficits in language processing that may occur in nonaphasic patients with frontal lobe lesions and suggest that inferential reasoning likely relies on an intact frontal system to support monitoring, updating, organizing, and integrating language.
